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Abstract 
Grafting has been widely used in economic forests. It has also served increasingly as a tool 
to maintain stable yield and good quality. However, there are still few reports on the 
differences between the same varieties in terms of seedling propagation and grafting 
propagation. Families and clones from 4 varieties of Camellia oleifera were analyzed, 
comparing oil content and fruit traits. The results showed that the seed traits had significant 
variation in the same variety of clones and families. The seed and fruit traits among families 
were generally higher than that among clones in the most traits. The average fruit oil 
content of families was higher than that of clones 83.46%; the average fresh fruit mass, fruit 
seed mass, dry seed mass and dry kernel mass of families were higher more than that of 
clones 45%; the average oil percentage in fruits, oil percentage in seed and oil percentage 
in kernel of families were higher more than that of clones 20%. There are obvious 
advantages in the seed mass and oil content of seed reproduction. Although this finding 
needs to be further studied, it raises a doubt of whether the grafting propagation can 
effectively maintain the quality of varieties in C. oleifera. This finding will have a great 
impact on propagation and utilization of economic tree species and hope to attract attention 
and positive verification. 
Keywords: Cultivars; Camellia oleifera; Grafting propagation; Seedling propagation;  
Common garden test; Clones; Families. 
Introduction 
The fruit and seed are the main economic characters in most economic tree species, such as Juglans regia (Gandev 2007), 
Castanea mollissima (Huang et al. 1994), Corylus heterophylla (Radicati et al. 1996), Armeniaca vulgaris (Chokoeva 
and Marinov 1997), Camellia oleifera (NianKang et al. 1996), Olea europaea (Gasco et al.2007) and 
Xanthoceras sorbifolium (Yao et al. 2013)，and are mainly propagated by grafting. The stability and consistency of good 
quality can be maintained because no genetic recombination occurs in grafted plants (Sanou et al. 2004). However, it is 
little consideration of whether there are difference in the economic traits between seedling and grafting plants. C.oleifera 
is an important woody oil plant in the south of China and widely cultivated in subtropical and warm temperate regions 
(Lee at al. 2007). In the past 20 years, nearly hundreds of cultivars in C.oleifera have been breed and propagated by 
grafting (WU at al. 2010). The strains of cultivar ‘Ruanzhi’ in C.oleifera have been widely developed in the south of 
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China (LI et al. 2009) for their higher oil yield. However, we found that many cultivars have been propagated by sowing 
seedling instead of grafting in many plantations. The main reason is that the seedlings are much cheaper than grafting 
plants. That would be raised questions as whether the seed quality of cultivars propagated by sowing seedling which 
might be consistent with the grafted plants or not. If seed quality of seedling plants has a large variation and poorer oil 
yield than grafting plants, it would affect the oil yield of plantation in C.oleifera significantly. 
There are few studies on the difference of fruit and seed characters of economic forest tree species. Plants propagated by 
seed need experienced the system development process from seed to maturity, while the general physiological ages of 
grafted plants are usually larger and fruiting early for the scions collected from more mature parts of plant. It was found 
that the flowering time of grafted plant was earlier than that of seedlings in seed orchard of forest trees (White et al. 
2007). The difference of rootstock and scion in physiological coordination and interaction effects may affect the growth 
of grafted plants (Gonçalves et al. 2006). Nevertheless, it is not clear whether the difference in developmental process 
can affect the quality of seed. Conducting tissue healing and patency of graft union may have impact on plant nutrient 
accumulation in seeds (Davis et al. 2008). Because there is no graft healing, minerals from root are better transported to 
fruit and seed in seedling plants, and the secondary metabolites produced by stem and leaf might be more convenient to 
accumulate in the fruit and seed as well (Carreno et al. 1998). The girdling technique used in horticulture is based on this 
principle. If the quality of seed traits on the seed plant is better than that of on the grafted plant, the traditional grafting 
propagation of the economic tree species will be faced with challenges. 
In order to explore the effect of these two kinds of propagation methods on seed quality, a comparative experiment was 
carried out between 4 families and clones of ‘Ruanzhi’ strains in C.oleifera. The fruit traits, seed traits and oil content 
were compared and analyzed. The objectives of this study were that (1) the stability of seed traits in grafting and seedling, 
(2) whether there are differences between the two propagation methods in seed and fruit traits, (3) the merits of the 
economic characters caused by two kinds of propagation methods. This study will be helpful for understanding the effect 
of different propagation methods on seed quality and provide reference for the breeding and utilization strategy of 
economic forest. 
Materials and Methods 
Field Experimental Design 
Experimental place is located in the Sanjiang County, Liuzhou City, Guangxi Zhuang Autonomous Region (2557N, 
10939E), and at elevation 270m above sea level. It is a subtropical humid climate zone with abundant rainfall. The 
annual mean precipitation, temperature, sunshine duration, and relative humidity were 1528.1mm, 18.3 ℃, 1334.3h, and 
81%, respectively. The extreme high and low temperature were 39.5℃ and -5.2℃. The test field was gentle slope with 
sub-acidity red soil. 
The completely random experimental design was used in the field test with 50 replications for each clone and family. The 
planting space between seedlings was 2m×3m and field planting and management were the same for all plots. 
Cultivars on Field Test 
Four cultivars of ‘Ruanzhi’ strain in C.oleifera (No. 2, No. 3, No. 4 and No. 9) were selected for field test. Scions of four 
cultivars were collected on mature plants. Rootstock was come from one year seedlings of C.oleifera. The grafting 
technique is splitting method. Families were propagated by sowing seeds. The common garden comparison test of two 
propagation methods was set in year 2001, both plant ages of seedling and grafting rootstock were at one year old. In 
local environment, fruiting period was consistent.  
Sample Collection 
There were 10 individuals in each clone were randomly selected as samples of grafting propagation method (the total 
individuals of grafting were 40), while 30 individuals were randomly selected in each family as samples of seed 
propagation (117 individuals were included). 20 ripe fruits were randomly collected in each sample plant for the 
measurement of fruit traits. The measurement of oil content based on the research of B Pérez-Vich (Pérez-Vich 1998). 
Fifteen traits were measured, including nine morphological traits and six economic traits (Table 1).  
Statistical Analysis 
The mean values of each fruit or seed traits by plant were used as a statistical unit. The variance analysis of traits between 
propagation methods，as well as between clones and families, were analyzed by the Excel and SPASS19.0 software. 
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Table1 List of morphological and economic traits for C.oleifera ‘Ruanzhi’ 
Traits Unit Formula 
Fruit height mm  
Fruit diameter mm  
Fruit shape index - fruit height/fruit diameter 
Fresh fruit mass g  
Pericarp thickness mm  
Single fruit seed number No.  
Fresh seed mass g  
Dry seed mass g  
Dry kernel mass g  
Seed yield % Dry seed mass / Fresh fruit mass * 100% 
Fruit oil content  g Dry seed mass * oil percentage *100% 
Kernel percentage % Dry kernel mass / Dry seed mass *100% 
Oil percentage in kernel % Fruit oil content / Dry kernel mass * 100% 
Oil percentage in seed  % Fruit oil content / Dry seed mass * 100% 
Oil percentage in fruit % Fruit oil content / Fresh fruit mass * 100% 
Results and Analysis 
Variations in Seed and Fruit traits among Clones and Families 
The mean, variation range and CV of nine morphological traits among clones and families are listed in table 2. The 
variation coefficients of 4 cultivars among families were generally higher than that of clones in fruit traits. The CV of 
fruit height in No.2 and No.3 clones were higher than that of families. The CV of pericarp thickness in No.3 and No.4 
clones were also higher than that of families. The CV of fruit traits was higher than that of family in No.3 clone, except 
the fruit shape index. The mean values of all cultivars in families were larger than that of clones in seed traits. But the CV 
is not the same. The CV of seed economic traits in clones was higher than that of families for No.2 and No.3 cultivars. 
The CV of family was higher than that of clone for No.4 and No.9 cultivars. The maximum value of individual in 
families was higher than that of clones in almost all traits from the variation range. The maximum value of traits in 
family was two times higher than that of clone in few cultivars, showing a large variation of phenotype in family.  
Table 2 Comparison of individual variation of fruit and seed traits within clones and families in C.oleifera 
‘Ruanzhi’ 
Source Number 
Fruit height/mm Fruit diameter/mm Fruit shape index 
Mean 
Variation 
range CV Mean 
Variation 
range CV Mean 
Variaton 
range CV 
Clone 2 30.96 22.36-36.93 0.12 32.39 24.36-37.08 0.099 0.95 0.90-1.02 0.036 
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3 28.75 22.43-33.92 0.13 28.36 21.01-33.56 0.15 1.02 0.96-1.08 0.041 
4 26.36 24.78-27.89 0.038 25.55 23.89-27.95 0.044 1.03 0.99-1.09 0.030 
9 34.32 29.56-38.54 0.073 34.67 31.05-38.19 0.060 0.99 0.95-1.02 0.021 
Family 
2 34.00 26.75-40.58 0.097 34.97 25.42-45.67 0.13 0.98 0.79-1.13 0.085 
3 33.08 26.35-38.75 0.086 34.2 28.91-39.15 0.066 0.97 0.82-1.13 0.078 
4 33.08 27.14-38.74 0.080 33.97 24.01-42.26 0.12 0.98 0.85-1.13 0.072 
9 36.53 27.66-45.44 0.11 37.88 29.77-46.49 0.11 0.97 0.81-1.11 0.071 
 
Source 
Number 
Fresh fruit mass/g Pericarp thickness/mm Single fruit seed number 
Mean 
Variation 
range CV 
Mea
n Variation range CV Mean 
Variation 
range CV 
Clone 
2 17.68 10.88-25.55 0.22 4.41 2.99-5.24 0.16 7.55 4.3-11.8 0.25 
3 12.68 5.29-19.90 0.36 4.13 3.27-5.13 0.15 4.81 2.2-7.2 0.32 
4 8.79 7.14-11.53 0.14 3.85 3.19-5.61 0.22 4.66 2.5-6.2 0.24 
9 20.88 15.12-29.05 0.19 5.37 4.99-6.40 0.071 6.27 4.8-7.7 0.14 
Family 
2 22.14 10.38-33.7 0.29 4.69 2.71-6.7 0.17 6.23 2.4-16 0.49 
3 20.11 12.04-28.98 0.20 4.92 3.30-6.76 0.14 5.62 2.5-9.9 0.25 
4 19.64 7.52-32.29 0.29 4.74 3.22-6.54 0.18 5.86 3.5-11 0.34 
9 28.72 13.83-52.91 0.34 5.38 3.55-7.06 0.13 5.91 1.00-14.7 0.43 
 
Source 
Number 
Fresh seed mass/g Dry seed mass/g Dry kernel mass/g 
Mean Variation range CV 
Mea
n Variation range CV Mean 
Variation 
range CV 
Clone 
2 6.52 4.07-11.56 0.39 3.83 2.15-7.28 0.43 2.4 1.26-4.42 0.41 
3 4.54 1.28-8.59 0.43 2.76 0.50-4.72 0.40 1.82 1.11-2.73 0.24 
4 3.58 2.20-4.53 0.19 2.31 1.34-3.44 0.25 1.43 0.74-2.03 0.25 
9 7.41 4.91-10.29 0.20 4.17 2.94-8.78 0.39 2.77 1.81-6.39 0.45 
Family 
2 8.15 3.28-13.81 0.33 5.32 2.49-8.43 0.29 3.44 1.62-5.99 0.28 
3 7.22 3.62-10.67 0.25 4.78 2.73-7.95 0.28 3.03 1.66-4.99 0.30 
4 7.62 3.08-14.58 0.39 4.73 2.36-8.31 0.39 3.00 1.54-5.39 0.39 
9 9.85 4.77-19.60 0.39 5.08 2.31-11.09 0.36 3.53 0.88-8.99 0.45 
Economic traits value in families are higher than that of clones on oil percentage in seed, oil percentage in kernel , kernel 
percentage and fruit oil content, except the oil percentage in fruit of No.4 cultivar (Fig.1). In this test, oil percentage in 
seed of seedling was higher than the grafting plants. The CV of oil content is similar to that of seed traits. There was 
variation in the economic traits of clones and families. The comparison of clones and families shows that, the maximum 
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value of oil content in family is generally higher than that of clone, except a few similar traits. The extreme ratio reached 
one to several times among special cultivars within clone and family, providing a rich source of genetic variation for 
selection. It can also provide a reference for the cultivation management. 
 
Figure 1 Variation comparison of economic traits within clones and families in C.oleifera ‘Ruanzhi’ 
Comparison of Seed and Fruit Traits in Grafting and Seedling Propagation 
In order to further compare the effects of grafting and seedling propagation on seed traits and oil content traits in different 
cultivars, mean values of all traits were compared among 4 cultivars (Fig.2). All traits in clones were higher than those in 
families but fruit shape index. Fruit index in family is lower than in clone. The fruit oil content of the family was higher 
than that of clone 83.64% among all the traits. Fresh fruit mass, fresh seed mass, dry seed mass and dry kernel mass in 
family were higher than those in clone 45%. Oil percentage in fruit, oil percentage in seed and oil percentage in kernel in 
family were higher than those in clone 20%. If the reference to seed breeding, grafting in seed mass and oil content were 
at a disadvantage. 
                                                                                                                                                                     ISSN: 2456-6527                                                                          
                                  sjrabeditor@scischolars.com                 Online Publication Date: July 29, 2019                       Volume 4, No. 1 
Volume 4, No. 1 available at https://www.scischolars.com/journals/index.php/sjrab  280 
 
 
Figure 2 The overall average comparison of seed and fruit traits between clone and family in C.oleifera ‘Ruanzhi’ 
Discussions 
Variation of Seed and Fruit Traits in Clones and Families 
In this study, there was a certain variation in the economic traits of families and clones. The CV of seed economic traits 
of clones (No. 2 and No.3) was higher than that of families. Theoretically, because genetic variation does not occur in 
asexual reproduction, asexual propagation trees show highly stability and consistency in growth and morphology 
(Mencuccini et al. 2007). This is also a preferred way to propagate timber and economic forest. But this result showed 
that there was a large variation in the clones, which is difficult to understand. Most of the variations of seed traits were 
quantitative traits, which are controlled by complex genetic factors. It is easy to be affected by the external environment. 
Consistent with the environment condition and management measure in this test, the effect of external has been reduced. 
However, the genetic basis of rootstock and physiological coordination differences in rootstock and scion may be the 
main cause of clonal variation (Pina and Errea 2005).  
In recent years, studies on the interaction between rootstock and scion show grafting might affect the transport of 
nutrients, while RNA could also transport through grafting union and affect the plant gene expression (Harada 2010; Xu 
et al. 2010; Kasai et al. 2013). Epigenetic study had also shown the small RNA can move through the grafted union into 
the root tissue, resulting in root cell demethylation, ultimately affecting the root physiological activity (Lewsey et al. 
2016). These studies provide a theoretical basis for understanding the variation in clones. The genetic and environmental 
regulation mechanism of the variation in seed traits need to be further studied. The results of the test indicated that there 
are no advantages in the stability and consistency on grafting plants of ‘Ruanzhi’ strains in C.oelifera, and it is necessary 
for reconsideration of the propagation strategy of cultivars. 
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Differences in Asexual and Sexual Reproduction 
Sexual and asexual reproductions are not only different from the mean value of the traits, but also in each cultivar in this 
test. This phenomenon may be common in different varieties of C.oleifera. There are few studies on sexual and asexual 
reproduction in forest trees. The study on the clonal seed orchard and the seed orchard showed that the clonal dominance 
was mainly in the fruit-set period and lower seed setting layer, but there was still a lack of yield. The experiment on 
Pinus tabulaeformis found seedling plant canopy development is better than that of the grated plants, and flower number 
in seedling plants is two times higher than that of grafted plants (Li et al. 2012). 
Studies on horticulture show grafting can be used to increase yield, but usually detrimental to fruit quality (Crinò et al. 
2007). Dry matter mass and soluble solid content between grafting and seedling have no difference in some horticultural 
plants, and even the fruit quality parameters in grafted individuals are lower than that in seedling (Yetışır et al. 2003). It 
has been found that rootstock affect the growth traits in grafted plants, including yield and quality attributes, biotic and 
abiotic stress (Koepke and Dhingra 2013).The interaction of plant hormones and small RNA between rootstock and scion 
can also affect fruit quality (Aloni et al. 2010).In addition, the body growth of the tree affect the fruit morphology and 
economic traits had been proved (Aslantaş et al. 2007).  
This phenomenon in C.oleifera still needs strong evidence to explain its mechanism. Whether this phenomenon exists in 
other species of Camellia or economic forest tree are still waiting for scientific experiments to prove. If it is a universal 
law, it will directly affect the value of the economic forest under grafting. This should cause concern in the field of 
economic forest cultivation. This test was limited to the comparison of 4 cultivars of C.oleifera ‘Ruanzhi’. We still 
unknown how about the situations in other economic tree species. It needs more species and experiments to prove or 
deny its universality. 
Conclusions  
The comparison of grafting and seedling of 4 C.oleifera cultivars showed that there were genetic and non-genetic 
variation among the clones and families. The stability and consistency of the clones by grafting have no significant 
advantages compared with the families by seed. The seed economic traits of seedling plant were higher than that of 
grafted plant significantly. The biological mechanism needs to be discussed, and findings need to be noticed by operators 
of economic tree species . 
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